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S&T “Megatrends”



The age of the life sciences

100 organisms sequenced
(June, 2001)

Genome discovered  (1930’s)
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From Genomics to Proteomics

Protein chip (2000)



S&E Bachelor's Degrees Awarded*
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* Source: The Higher Education General Information Survey (HEGIS) and the Integrated
Postsecondary Education Data System (IPEDS).  4327 institutions in total were surveyed.



The rise of intelligent systems





fMRI

§ Grid of 64x64x7 voxels, each with a volume of ~3x3x5mm

§ A voxel contains O(10^5) neurons

§ Typical sampling rates are 0.5Hz – 2Hz

§ Signal reflects neural activity

MR signal at every point in a 3D grid covering the brain

A few seconds of signal
(sampled at 1Hz)

voxel



Men and women, listening

“Men listen with only one side of their brains, 
while women use both”

(IU School of Medicine Department of Radiology)

←  Men listening

←Women listening

Color indicates
areas active

during listening



Functional brain imaging growth
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Nanotechnology becomes real

Design and manufacture at
molecular scale is now
possible in the laboratory
• 16 bit molecular memory at 10x

density of silicon CMOS
demonstrated

• n-p-n nanowire transistor with
>16x gain demonstrated

• Resonant tunneling diode with a
low temperature on-off ratio
>1000 demonstrated

Operating
nanotube
memory



The digital communications era
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“Say Hello to the Freshmen”

Class of 2004, most born in 1982

–The Kennedy tragedy was a plane
crash, not an assassination.

–We have always been able to
reproduce DNA in the laboratory.

–There have always been
automated teller machines.

–"Spam" and "cookies" are not
necessarily foods.

–Joysticks are operated with the left
thumb.



Moore’s Law and our students

Our lives

Our student’s lives

Processor speeds from 1981 to 2015 (projected).





A $9B industry (and growing)



Massive multiplayer environments

Lineage
2M subscribers
100K simultaneous users
(in Korea)

Sims Online
Projected 3M
subscribers



Where is Military R&D?

An Academic’s View



The Innovator’s Dilemma

Describes the failure of companies
to stay atop their industries when
confronted with market and
technological change

One common theme

• All happened when companies were
widely regarded as among best in
the world

*Clayton M. Christensen, Harvard Business School Press, 1997.



DoD’s S&T challenge

Do what is right for near-term
health,

      while simultaneously

focusing adequate resources on
“disruptive” technologies



A framework…
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“Omniscient”

“Omnipotent”

FCS, UCAV
Fight anywhere

Fight precisely

Fight smarter

Unmanned systems,
Land Warrior, etc

C4ISR, GMTI,
FoPen, etc

JSIM, DMT, etc



Biological warfare defense

The DSB/TRAC Task Force
concluded that:
• “The present U.S. defensive effort

… will not effectively counter the
current threat.”

• “This effort is hampered by an
absence of a vision of what is
required and lacks leadership and
coherent organizations.”

Three DoD studies (1999 DSB SS,
2000 DSB, 2001 DSB/TRAC)
make recommendations.

Bio-Warfare
Capabilities
Countries

1990 2000

16

Sources:  Roberts, “Biological and Toxin Weapons,”
Institute for Defense Analyses, at Biological and Toxin
Weapons Convention, Vienna, Austria, 1998.
Cole, Spector of Biological Weapons,” Scientific
American, 1996



Is there a strategic niche for DoD?

Industry is profit-driven

• GlaxoSmithKline has >$4B R&D
budget, but not on BW agents

NIH is research-driven, not a
system integrator

HHS focused on conventional
(rapid) response

How to capture bio-talent?



The USS Yorktown

“After a crew member mistakenly entered a zero into the data
field of an application, the computer system proceeded to divide
another quantity by that zero. The operation caused a buffer
overflow, in which data leaked from a temporary storage space
in memory, and the error eventually brought down the ship's
propulsion system. The result: the Yorktown was dead in the
water for more than two hours.”



“Better, Faster, Cheaper”



A long-term strategy for IT research
in DoD?

DoD should clearly define and
strengthen its focus on basic,
long-term, technology for
dependable information systems.

Need to dispel the notion that
“software is a solved problem.”

DARPA IEO and IAO are good
new directions.



Layered ISR

A few high altitude
assets find and cue to
possible targets

Numerous small
surface sensors
identify and
communicate

Some mid-range air
assets find, identify or
cue, relay and
designate





A “captain’s war”

“Afghanistan is a captain’s war… Spotters on
the ground decided to bypass the heirarchical
loop… Instead they gave target coordinates
directly to the planes overhead, reducing
response time to 19 minutes or less.  That’s half
the time it takes to go through the command loop
and less than it can take in military exercises,
where the operation is scripted.”

Stan Crock, Business Week Online, Dec.17, 2001



C4ISR is probably a technological and a cultural change



A training revolution?

The 1999 DSB Study on Training
Superiority and Training Surprise
found:

• Some forms of training can deliver
order-of-magnitude improvements

• Warfare in 2010/2020 will require
more training, not less

• A training revolution is possible

• Adversaries could use a new
training revolution against us





The average 18-
year old has
1500 hrs in
simulated
environment

Over 2% of the
Korean
population
subscribes to the
MMP game
Lineage.

Continuous competitive pressure spurs innovation



Does MMP have a role in training,
doctrine, and experimentation?

Continuous competitive pressure spurs innovation



WWII Online after-action reports

• Choosing &
training leaders
to think
differently

• Game “gods”
anoint leaders

• Alternatively,
leaders can earn
position

• Ability to devise
and execute a
mission is the
reward…

• Analysis of
outcomes is key



Concluding Remarks





Enhancing the vitality of DoD S&T

Heightened awareness of the
importance of national defense
presents DoD with an opportunity
to capture top S&T talent.

Is it time for a small set of “going
to the moon” projects?

Who is the “CTO”?
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